Industrial relevance

27
Flavonoids are polyphenolic compounds present in fruits and vegetables relevant not only 28 in terms of quality, as they influence the visual appearance and taste, but also from a 29 therapeutical point of view, as they appear to be associated with the prevention of 
43
There is widespread interest in the health properties of citrus fruits. This is due to their 44 content in natural antioxidant substances which appear to be associated with the 45 prevention of degenerative processes and the reduced risk of certain chronic diseases 46 such as cancer (Liu et al., 2001; Poulose et al., 2005; Vanamala et al., 2006) , osteoporosis 47 (Deyhim et al., 2006) and cerebrocardiovascular diseases (Sanchez-Moreno et al., 2003;  48 Yu et al., 2005) . Among the natural nutritional antioxidants present in these fruits, phenolic 49 compounds stand out as they have a wide range of therapeutical properties for medical
50
and clinical applications such as anti-inflammatory, antihypertensive, diuretic, analgesic 51 and hypolipidemic activities (Rapisarda et al., 1998; Gil-Izquierdo et al., 2001) . & Dwyer, 1998) . Flavanones are found abundantly in citrus fruit, conferring its typical taste 57 (Macheix et al.,1990) . They are present in the forms of glycoside or aglycone. Among the 58 glycoside forms, two types are classified: neohesperidosides and rutinosides (Macheix et 59 al., 1990; Gionfriddo et al., 1996,) . Neohesperidosides (naringin, neohesperidin, poncirin 
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Of all the citrus products, the juices constitute a good alternative to fresh fruit consumption 66 because they are quick and easy to take. 
96
Freshly squeezed (FS) grapefruit juice was extracted through a domestic squeezer (Braun
97
Citromatic Pulp Control MPZ6), filtered using a sieve (light of mesh diameter 1 mm, Cisa 98 029077,1 series) and immediately processed. To obtain conventional pasteurized juice
99
(CP) samples of 40 mL were heated in glass tubes in a thermostatic water bath 100 (Precisterm, Selecta, Spain) operating at 95 ºC. In these conditions, the juice took 80 s to 101 reach 80 ºC ± 2.5 and it remained at this temperature for 11 s more. In the case of 102 microwave pasteurized juice (MP), samples of 20 mL were heated in 25 mL glass tubes at processes were previously selected to ensure 10 % of fresh juice pectimethylesterase
105
(PME) residual activity (Igual et al., 2010) . The tubes with the treated samples were immediately cooled in ice-water till the juice reached 30 ºC. 
124
(NAG) and quercetin (QUER) (Extrasyntesis, France) were used to quantify the flavonoids.
125
Naphthalene was used as internal standard (Peiró, 2007 
153
These four components represent about 90% of the analysed flavonoids. The values found
154
for every compound were in the same range as those reported in other publications (Ross caused a significant (p < 0.05) reduction in the content of all the studied flavonoids.
157
Flavonoids of conventional and microwave pasteurizated juices did not present significant
158
(p > 0.05) differences. CP and MP processing caused losses of 6 % in the total content of 159 the studied flavonoids.
160
The evolution in the amount of NAT, NAR and QUER of grapefruit juices stored at 4 ºC 161 and -18ºC for 2 months is shown in Figures 2, 3 and 4, respectively. In general, these 162 flavonoids significantly diminished (p < 0.05) till 12 days of storage. From this time on, the content of NAT and NAR presented a slight increase up to 25 days, after which they remained the same.This increase for QUER was observed at the end of the storage period considered. Table 2 shows the corresponding percentage of loss after 12 and 25
166
storage days. For the three studied treatments, the NAT content was higher in refrigerated
167
juice than in frozen till day 12, after which it was of the same order in both storage 168 conditions. In general, pasteurized samples kept a greater amount of this flavonoid than
169
FS, especially microwave treated ones. In the case of NAR and QUER, refrigerated FS
170
and CP samples also showed a better retention of these compounds than frozen ones,
171
while the loss in MP refrigerated juices was greater than in frozen stored samples. The
172
conventional treatment was the one that best preserved NAR during storage at both 173 temperatures, while refrigerated microwave treated juices were the worst in this regard.
174
The lowest QUER stability was obtained in non-treated samples.
175
Evolution in the amount of HES, NEOH and NAG of grapefruit juices stored at 4 ºC and -
176
18ºC for 2 months is shown in Figures 5, 6 and 7, respectively. The content of these 177 flavonoids diminished in every sample during all the storage, but especially at shorter 178 times. In general, NAG is the flavanone with the greatest losses in every sample, followed
179
by HES. Table 3 shows the percentage of loss at 24 h and 60 days. In general, no 180 significant differences were observed due to storage temperature. Non-treated juice presented greater losses of these flavonoids than pasteurized ones. Only in the case of 182 NEOH, microwave treatment clearly supposed a better preservation. 
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The increase observed in PON could be explained from remarks made by other authors. 
212
If the changes provoked by the type of treatment and storage are considered together
213
( 
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Citrus juice modulates bone strength in male senescent rat model of osteoporosis. The same capital letter in superscript within columns indicates homogeneous groups established by the ANOVA (p<0.05) comparing treatments. For each flavonoid, the same small letter in superscript within rows indicates homogeneous groups established by the ANOVA (p<0.05) comparing storage conditions. NAT: Narirutine, NAR: Naringin and QUER: Quercetin. Table 3 . 
